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Stimulated emission from chemically formed excited iodine molecules has been observed. The 
emission originates from the vibrational state v' — 55 of /2(B3 /7). The excited molecules are pro-
duced by a three body recombination reaction. 

I n 1938 Porret and Goodeve [1] suggested t h a t 
dissociation of m e t h y l iodide b y ultraviolet l ight 
results in format ion of iodine atoms most ly in an 
exc i ted state. T h e resulting population inversion 
of atomic iodine states was subsequently success-
f u l l y uti l ized b y K a s p e r and Pimentel [2] to produce 
st imulated 1 3 1 5 n m infrared emission. L a t e r studies 
[3, 4] showed t h a t part icularly high inversion occurs 
in the dissociation of perfluorinated a l k y l iodides. 
A n o t h e r important factor contributes to the high 
laser amplif icat ion in these systems: the exc i ted 
iodine a toms in the 2PI/2 state exhibit a v e r y low 
deact ivat ion rate in collisions wi th the parent 
molecules. Measurements of the effective l i fetime 
of exci ted iodine atoms in the presence of per-
fluorinated a l k y l iodides [5, 6] showed this to be 
a lmost equal to the natural l i fetime under the ex-
perimental conditions. 

I n 1979 Stephan and Comes [7] discussed a 
chemiluminescence occurring during the photolysis 
of W-C3F7I; the effect was attr ibuted to the recom-
bination of t w o iodine atoms, one of them in t h e 
exc i ted 2PI/2 s t a t e : 

/*(2PI/2) + / ( 2 P 3 / 2 ) - > / ? ( B 3 7 7 ) , 

I*(B377) - > 12(X1E) hv. (1) 

I n this process excited iodine molecules in the B 
state are formed, as can be demonstrated b y t h e 
observat ion of the wel l-known ( B - X ) emission. 
K i n e t i c analysis of the t ime dependence of the 
emit ted radiat ion indicated for the photolysis of 
W-C3F7I a v e r y high degree of inversion, near ly 
1 0 0 % w h e n the fourth harmonic (266 nm) of the 
l ight of a N d - Y A G laser was employed. 
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Analys is of the emit ted spectrum with a resolu-
t ion Zl A/A = 120 showed a continuum beginning at 
the short-wavelength l imit of the (B-X) emission 
(498.9 nm) and extending over a spectral range 
t h a t agrees quite well wi th the laser-induced 
fluorescence ( L I F ) of /2 produced b y the 514.5 nm 
A r + laser line. A s further refinements enabled the 
spectral resolution to be increased b y more than 
t w o orders of magnitude, to zlA/A = 5 x 104, this 
chemiluminescence resulting f rom a three-body 
collision continued to appear as an unresolved con-
t inuum. T o d a y we k n o w from other studies t h a t 
this quasi-continuous emission is brought about b y 
the strong re laxat ion of the v ibrat ional ly and rota-
t ional ly exci ted iodine molecules formed in the 
reaction, which results in a v e r y broad occupancy 
of rotat ional and vibrat ional levels in the B state. 
These measurements have further shown that the 
electronical ly exc i ted iodine molecules thus formed 
can, under certain experimental conditions, be made 
t o undergo st imulated emission. T h u s this process 
constitutes a chemical ly p u m p e d molecular-iodine 
laser system. 

T h e experimental setup in these studies was one 
designed t o permit observat ion of the chemilumi-
nescence under part icular ly pure and well-defined 
conditions. T h e rate of deact ivat ion of iodine atoms 
in the 2 Pi/ 2 s tate b y collision wi th n-C3F7l is ex-
ceptional ly low. T h e rate constant for the process 

/ * ( 2 P l / 2 ) + rc-C3F7I->/(2P3/2) 

+ 71-C3F7I (2) 

is 1c2 = 4.6 X 1 0 - 1 7 c m 3 m o l e c - 1 s _ 1 , as determined 
b y Stephan and Comes [7], I f , however, these 
exc i ted iodine a toms collide with 12, t h e y are v e r y 
eff ic iently d e a c t i v a t e d ; the probabi l i ty of deactiva-
t ion is 6 X 105 t imes as great as when the collision 
partner is ?i-C3F7I [8]. Thus , in order to minimize 
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the photochemical product ion of 12, the energy 
supplied for the p r i m a r y photodissociation of n-
C3F7I should be l imited as m u c h as possible. T h e 
luminescence spectrum w a s observed b y means of a 
scanning monochromator , as described b y Stephan 
and Comes [7], T h e need for h igh pur i ty precluded 
the use of a flow s y s t e m ; constant renewal of the 
reactant was required. 

T o sa t i s fy this requirement for great pur i ty , the 
measuring technique was altered, and the detection 
sensit ivity great ly enhanced b y t w o expedients: the 
use of imaging optics t o i m p r o v e the uti l ization of 
the isotropic fluorescence radiat ion, and use of a 
cooled optical mult ichannel analyzer as detector, 
permitt ing — in conjunct ion w i t h a polychromator 
— instantaneous recording of the entire spectrum 
after each photolysis flash. D a t a acquisition and 
processing was performed b y a microprocessor. T h e 
abi l i ty t o record all needed spectra wi th one fixed 
setting of the polychromator also meant t h a t wave-
lengths could be determined wi th great accuracy. 
T h e w a v e l e n g t h scale w a s cal ibrated b y means of 
the L I F spectrum of / 2 , e x c i t e d b y the 514 nm line 
of a single-mode Ar+ laser. T h e experiments were 
performed under t w o dif ferent sets of conditions: 

1. pure 71-C3F7I at 6 Torr, a n d 

2. n - C 3 F 7 I (6 Torr) m i x e d w i t h argon (100 Torr). 

T h e high sensit ivity of the fluorescence detection 
system permit ted acquisit ion of a chemilumines-
cence spectrum with as f e w as 5 — 1 0 photolysis 
flashes. Compared with t h e tradit ional method of 
observation, using a scanning monochromator, this 
represents a reduction b y a f a c t o r of more t h a n 1000 
in the t ime required for one measurement. 

F igure 1 shows t h a t t h e " c o n t i n u o u s " chemilumi-
nescence spectrum (curve A) , obtained wi th pure 
W-C3F7I, on addit ion of 100 T o r r argon develops a 
pronounced b a n d structure, (curve B), which can 
clearly be identified wi th t h e structure of the B - X 
emission. A s the band emission grows in intensity, 
the " c o n t i n u o u s " emission decreases correspond-
ingly. A v e r y similar result (curve C) is obtained b y 
focusing the laser beam instead of adding argon. 
T h e diameter of the b e a m is reduced to about one-
third of its original 3 m m value . 

This last observation shows especially clearly the 
threshold nature of the emission phenomenon. 
E v i d e n t l y the funct ion of argon is only to maintain 
the necessary concentrations of I and / * , and thus 
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Fig. 1. 12 (B-X) emission and superfluorescence, uncorrect-
ed for spectral response of the Optical Spectrum Analyser 
with the following experimental conditions. A) pure 
«-C3F7I at 6 torr, B) n-C^F?! at 6 torr plus argon at 100 
torr, C) pure W-C3F7I at 6 torr with focussed photolysis 
beam, D) pure I2 at 0.033 torr excited with the 514.5 nm 
Ar+-laserline to B 377, v' = 43, J ' = 12, 16. As A) and D) 
were recorded using a 600 lines/mm grating, while a 1200 
lines/mm grating was used for B) and C),the spectral region 
covered in B) and C) only partially overlaps that in A) 
and D). 

also t h a t of /* , which decreases b y diffusion in the 
system. Al ternat ive ly , the loss b y diffusion can be 
offset b y substantial ly increasing the initial con-
centration of iodine atoms, in the v o l u m e in which 
t h e y are produced, b y focusing the photolysis beam. 

T h e spectra shown in F ig . 1, curves B and C, can 
be unambiguously identified wi th the B - X emission 
of the iodine molecule. A s is easily seen t h a t 1 2 

fluorescence bands are red shaded. T h e super-
fluorescence lines h a v e a c o m m o n upper laser level 
of either v' = 48 or v' = 55. T h e corresponding lower 
laser levels are either the vibrat ional levels v" = 9, 
12, 15, 18, 21, and 24 or the v ibrat ional levels v" 
= 10, 13, 16, 19, 22, and 25 in the electronic ground 
state. The assignment to the 48 progression or the 
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55 progression fol lows from the position of the five 
most intense superfluorescence lines relative to the 
lines of the L I F of 12 exc i ted b y the 514 nm A r + 

laser line. Since the initial v ibrat ional level is the 
same for all the principal lines, their spacing is 
determined b y the spacing of the ground state 
v ibrat ional levels, t h a t is, z lv" = 3. A spectroscopic 
assignment of super-fluorescence lines can also be 
performed b y comparing the experimental ly deter-
mined spacings of the five principal lines wi th the 
spacings calculated from established molecular data 
[9, 10] t a k i n g anharmonic i ty of the potential into 
account . T o this end, the sum of squares of the 
deviat ions of exper imenta l ly determined energies 
f rom the calculated values is calculated as a func-
t ion of the lower energy level. T h e smallest such 
sum is found for v" = 10 as the lower laser level for 
the first of the five principal lines. This choice also 
identifies v' = 55 as t h e common upper level. 

Since the optical mult ichannel analyzer has an 
S-20 R characteristic, the spectrum can be recorded 
only in the visible range. I n v iew of the large 
Franck-Condon factors in the I R [11], superfluo-
rescence is to be expected in t h a t region, also. T h u s 
the observed superfluorescence of the excited iodine 
molecule is m a i n l y emit ted from a single vibrat ional 
state of 12 in the B state. 

A s expected, slight contaminat ion of the system 
b y photochemical ly produced I2 kills the super-

[1] D. Porret and C. F. Goodeve, Proc. Roy Soc. London 
A165, 31 (1938). 

[2] J. V. V. Kasper and G. C. Pimentel, Appl. Phvs. Lett. 
5, 231 (1964). 

[3] T. Donohue and J. R. Wiesenfeld, J. Chem. Phys. 63, 
3130 (1975). 

[4] K. H. Stephan and F. J. Comes, Springer Series in 
Chemical Physics 6, 301 (1979). 

[5] F. J. Comes and S. Pionteck, Chem. Phys. Lett. 42, 
558 (1976). 

[6] F. J. Comes and S. Pionteck, Ber. Bunsengesellsch. 
Phys. Chem. 81, 219 (1977). 

[7] K. 'H. Stephan and F. J. Comes, Chem. Phys. Lett. 
65, 251 (1979). 

fluorescence, while the normal chemiluminescence, 
although apparent ly weakened, continues to exist . 
This is further evidence for the threshold nature of 
the radiation under invest igat ion. 

Superfluorescence from I2 in the B state has also 
been obtained b y optical p u m p i n g [12, 13]. H o w -
ever, the radiat ive characterist ics of optical ly-
p u m p e d 12 lasers are v e r y dif ferent f rom those of 
the present chemical ly-pumped system, as can be 
particularly clearly seen f r o m t h e intensity rela-
tionships in the emission. I n the system studied b y 
us, transitions with Av" = 3 are dist inctly pre-
ferred, while t h e opt ica l ly-pumped I2 laser exhibi ts 
a sequence for which Av" = 2 [14, 15, 16]. 

While, for the opt ica l ly-pumped 12 laser, t h e 
514 nm A r + laser line excites only t w o rotat ional 
levels of the v' — 43 v ibrat ional level , a more ex-
tensive distribution over rotat ional states is to be 
expected in the case of the chemical ly-pumped 
laser. 

Preparations are being m a d e t o investigate t h e 
mechanism of formation of the upper laser state b y 
use of an optical resonator, in the hope of eluci-
dat ing the role of rotational exc i ta t ion in the laser 
process. 
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